ABSTRACT
INTRODUCTION
Despite significant growth in research on tourism and climate change, there are considerable gaps in research regarding tourism and climate change in specific regions like Nepal. Most of the published researches are based on coastal tourism and the remaining studies which are based on mountain tourism focus explicitly on skiing tourism. Thus, the impacts of climate change on tourism in the Himalayas conspicuously absent from the literature. In Nepal, very little study has been done about relationship between tourism and climate change. This is true to argue that risk is potential loss and opportunity is possible gain. Over the past few years there has been increasing recognition of the risks and opportunities that climate change has brought to tourism (Becken & John, 2010) . www.crossingtheborder.com.np Therefore, this paper initiates to identify the impacts of climate change in Nepali tourism industry and explores more possibilities of adaptation strategies as climate change is both risk and opportunities for tourism entrepreneurs.
Climate change is defined as a change of climate which is attributed directly or indirectly to human activity that alters the composition of the global atmosphere and whish is in addition to natural climate variability observed over comparable time period (UNFCCC, 1997) . During the past few decades, the world has been experiencing significant increase in global temperature resulting into climate change. Scientists are now confident that this rapid rate of increase in the temperature is due to human induced factors that are mission and accumulation of GHG in the earth's surface. The immediate consequence of this phenomenon is the observed aberration in the climate pattern and frequent occurrence of extreme climatic hazards.
The warming trend that has been observed in Nepal is higher than the global average. The rates of increasing temperature differ from place to place but in general, larger in higher altitude compared to low land. The ongoing records of national temperatures since 1962 and recent analysis of these records show high inter-annual variability, and that maximum temperatures in Nepal are progressively increasing if comparison is made with global and regional records (ADB, 2009) . Since 1977 and 1994, the mean annual temperature is estimated to have increased by 0.06°C, and is projected to increase by another 1.2°C by 2030, 1.7°C by 2050, and 3.0°C by 2100 (ADB, 2009). According to the records of the department of hydrology and meteorology (DOHM), the average temperature of Nepal was increased by 1.8° Celsius per annum during the period of 1975 to 2006. Now, average temperature rise is estimated at 0.5°C per decade, which is very high, compared to several other developing countries (Shrestha, 2000) . Days and nights are becoming warmer and cooler less frequent. Precipitation extremes show an increasing trend in intense precipitation events at most recording stations. The assessment indicates that more weather related disasters such as avalanches, floods and landslides can be expected in the future (ADB, 2009) . Therefore, understanding of climate variation and changes is essential to assess the climate's sensitivity to the variety of factors, both the human and the nature.
Though Nepal has a negligible share in global emissions of greenhouse gases, it is particularly vulnerable to climate change due to fragile mountain ecosystem. Various studies have shown that the climate change impacts are evident on forests, biodiversity, water resources, agriculture, tourism and other sectors in Nepal. Thus, different types of climate change impacts have been noticed on water resources, forest, biodiversity, environment, health and livelihoods. However, climate change creates both opportunities and risks for human development. In order to address the possible climate change impacts, adaptation practices should lay emphasis on sustainable development. It is mainly about warning people about events in advance and preparing them to deal with vulnerability and uncertainty. Adaptation to climate change has received increased attention in the scientific and policy debate, and is seen as complementary to mitigation (UNFCCC, 1997). Therefore more adaptation assessments need to develop and www.crossingtheborder.com.np
NATURE-BASED TOURISM AND CLIMATE CHANGE
Nature-based tourism is an important and growing sector of tourism, which includes travelling to undeveloped areas for the purpose of enjoying nature (Goodwin 1996) . It includes a range of activities, such as trekking, bird watching, jungle safari, camping, hunting and fishing, rock climbing and whitewater rafting (Blamey, 2001) . It is a form of recreation that takes an individual away from the regular stress of modern life with the keen interest of getting in touch with natural landscapes, mountains, flora and fauna. It is one of the fastest-growing sectors of the tourism industry, comprising some 20 percent of all leisure activities (TIA 2002) . In countries such as Kenya, New Zealand and Nepal, this sector accounts for as much as 40-60 percent of all international tourists (Nyaupane, 2004) . The International Ecotourism Society (2003) estimated that, in the last decade, the annual growth rate for this sector ranged between 10 percent and 30 percent, as opposed to the 4.3 percent for other tourism sectors. Climate is an integral part of nature-based tourism and can both attract and repel tourists (Gomez, 2005) and can directly affect the choice of recreation by limiting time and space for tourism activities.
Climate is not the only factor that tourists weigh; it is one of the most important considerations for a range of activities designed to satisfy tourists. Climate change affects nature-based tourism by affecting the natural resources on which tourism is based (Scott, 2007) . Any change in the characteristics of the climate in the Himalayas could reduce the tourism flow negatively by altering the perceived attractiveness of the Himalayan environment. Unlike tourism based on built attractions, such as theme parks and shopping malls, and cultural attractions, such as historical museums, archaeological remains, historical monuments, folklore and traditional festive celebrations, nature-based tourism is very sensitive to climatic variability and change (Smith, 1993) .
A study of the effect of global warming found that migratory birds wintering in the southern USA arrived on average 13 days earlier (Butler 2003) . Likewise, drought conditions during the summer of 1988 contributed to widespread forest fires in Yellowstone National Park, which resulted in evacuations of campgrounds and seasonal visitor accommodations being closed four weeks earlier than normal (Franke, 2000) . Compared to the tourist flows of previous years, total annual visits to Yellowstone in 1988 were reduced 15 percent and park officials estimated a total loss of $US60 million due to forest fires. The direct impact of global warming and climate change on mountains in North America and Europe is focused on loss of snow cover and vulnerabilities of climate change on ski industries (Koenig and Abegg 1997; Scott and Suffling 2000; Blamey 2001; Scott, 2006) . For example, it is estimated that Austria would experience losses of 10 percent winter tourism revenue as changes in snow cover could put low elevation ski resort at risk (Scott, 2006) . More recent studies, however, reported that vulnerability to climate change of the ski industry can be reduced by snow-making technology (Scott, 2006) .
The vulnerabilities to climate change of the Nepali Himalayas, however, are not comparable because of the differences in mountain characteristics and attrac-www.crossingtheborder.com.np tions. The Himalayan region is a storehouse of biological diversity and cultural heterogeneity with distinctive ethnic groups, mountain peaks, sacred lakes and monasteries. Home to endangered species, such as the snow leopard, one-horned rhinoceros, Royal Bengal tiger, Asian elephant, red panda, and some 850 species of birds, the region offers abundant diversity in fauna and flora, which enhances the region's stature in nature-based tourism.
The annual influx of visitors in the Nepali Himalayas increased from about 6,000 in 1962 to 491,504 in 1999 491,504 in (MCTCA 2004 ). Nepal's diverse natural and cultural heritage determines the level of tourism activity and the types of program found at specific localities. Valued geographical attributes include aesthetic landscape, remoteness and cultural traditions. Being away from modern amenities is also a part of the appeal for tourism in Nepal (Zurick, 1992) . Nature-based activities play a significant role in Nepal's tourism, as 45 percent of foreign visitors visit one or more of the country's protected areas (DNPWC 2004; MCTCA 2004) . Climate change can adversely affect natural attractions of the Nepali Himalayas through glacier retreat, avalanches, landslides and flooding, gradual extinction of many species of flora and fauna, and damage to forest ecosystems through fire and insect infestation.
CLIMATE CHANGE AND ITS IMPACTS ON TOURISM
Although the tourism sector is highly influenced by climate, our understanding about potential vulnerability to climate change in this sector remains limited (Scott, 2007) . Until recently, climate change had not even garnered substantial attention from both the tourism industry and scholarly community. Uncertainties in projections of future climate change have not narrowed during the last 30 years; however, the recent report of the inter-governmental Panel on Climate Change (IPCC) stated that the Himalayas could face an increase in frequency and intensity of rainfall (Solomon, 2007) . This may impose the risk of flooding and landslides, causing disruption in the flow of tourists.
In the last three decades, the average air temperature measured at 49 stations across Nepal has risen by 1.8 0 F (1 0 C) (Shrestha, 2000) . The temperature differences are most pronounced during the dry winter season and least noticeable when monsoon season peaks. The United Nations University Mountain Hazards Mapping Project predicted that flash floods from moraine-dammed and icedammed lakes were the major threat facing the Mt Everest region (Ives and Messerli 1981) . Researchers from the United Nations Environment Program (UNEP) and the International Centre for Integrated Mountain Development (ICIMOD) identified 3,252 glaciers and 2,323 glacial lakes, of which 44 are filling rapidly, and that might burst in as little as five years. Considering the average vertical lapse rate of 6.5 0 C km−1, the present glaciated area above 5,000 m is likely to be free of snow with an increase in temperature of 1 0 C in the next few years. Similarly, an increase in temperature of 3-4 0 C could result in the loss of 60-70 percent of snow cover from the Himalayas (Alam and Regmi, 2004 ). This will make the major cause of mountains lacking their beauty that will certainly result decrease in number of trekkers and climbers, CLIMATE CHANGE IMPACTS AND ADAPTATION STRATEGIES . . .
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Glacier retreat also contributes significantly to stream flow variability in the spring and summer, while glacial lake outbursts, which are becoming more likely with rising temperatures, are an additional source of flooding risk. Nepal's low level of development and complex topography leaves it quite vulnerable to climate change. In the Himalayas, loss of ice evokes concerns of further expansion of glacial lakes, leading to an increased potential for glacial lake outburst flooding (GLOF) in the valleys downstream. Nine major glacial lake outburst floods took place between 1935 and 1985 in eastern Nepal. The most recent was Dig Tsho glacial lake outburst in the Mt Everest area that took place on 4 August 1985 (Vuichard and Zimmermann, 1986) . The flow of water was 2-4 times the magnitude of maximum monsoon flood levels. The flood killed five people, destroyed 30 houses, 14 bridges, trail networks and the Namche Small Hydro Project, which was at its completion phase to supply electricity to Namche Bazar, one of the major tourist attractions and the gateway of Mt Everest. The flood also destroyed many bridges and trekking trails to Mt Everest. Entire stretches of trails were destroyed or made impassable because of river bank erosion, sliding or massive debris deposition and the region was isolated from the rest of Nepal for several days.
Annapurna Conservation Area (ACA) is Nepal's the largest protected area and the most popular trekking area, where more than 40,000 tourists visit annually. It is home to some of the world's highest peaks and the world's deepest gorge -the Kali Gandaki River Valley. Because of the great variation in topography, rainfall ranges from more than 5,000 mm along the southern slopes of the Annapurna range in central Nepal to less than 250 mm in the north central portion near the Tibetan plateau. Meteorological data collected from Jomsom from 2002 to 2004 indicate a decrease in winter precipitation in the form of snow and an increase in rainfall after the winter months (Dahal, 2007) . This has already affected traditional flat-roofed houses made of mud and stone. Locals have experienced roof leakage and wall erosion problems in their homes, tea shops and hotels. The lower elevation, which receives the highest average rainfall in the country, however, will see potential increases in monsoon precipitation (Shrestha & Wake, 1999) . Although this region is less prone to Glacier Lake flooding than the Mt Everest region, there is evidence that the number of flood days has increased because of more intense precipitation events (Alam & Regmi 2004 ).
Avalanches and glacial lake outburst floods predominate in high elevations in eastern Nepal; landslides, debris flows and flash floods are common in the hills; and floods are frequent in lowland Terai. These three regions are related to one another for both climate-related changes and tourism. Rich biodiversity and natural beauty are two key factors in attracting tourists. However, approximately 10 percent of known species of the Himalayas were listed as threatened (Lal, & Murdiyarso, 2001 ) and, annually, 2.45 percent of species are on the verge of extinction because of climate change (Alam & Regmi, 2004) . Warmer and drier conditions from global warming have also caused a significant increase in the number of major wildfires (National Wildlife Federation, 2006) . IPCC reported www.crossingtheborder.com.np that forest fires caused by unusually high temperatures in Nepal may threaten extinction of red pandas, leopards, monkeys, deer, bears and other endangered animals (Lal, 2001) .
In response to climate change, many birds are changing their nesting and migratory patterns (Butler, 2003) . This will have a direct impact on the increasing number of special interest nature-based tourists, such as wildlife-viewing and bird-watching tourists in the Himalayas. For instance, changes of schedule of migratory birds like Black Stork, Ruddy Shelduck, and Common Shelduck coming from Siberia (Russia) to Chitwan National Park can be two weeks earlier or later during the months of September and October every year. Nature-based tourism is linked closely to biodiversity and the attractions created by a rich and varied environment. The loss of biodiversity in the ecosystem, therefore, means a potential loss of tourism in various destinations.
ADAPTATION STRATEGIES
Tourism is a climate sensitive industry therefore stakeholders should be capable to make necessary arrangements during the emergency period of landslides, avalanche, floods and cancellation of flights. Tourism entrepreneurs should be always alert to provide substitution of alternative destinations or other activities as they have already prepared for the holiday. Similarly, designing and engineering must focus to establish tourist accommodation at low risk area to protect from the natural hazards. Moreover, it is worth full to reschedule and design tour or trekking packages based on the weather condition or weather forecast.
Environmentalists have expressed several views on climate change and the steps of adaptation strategies. In this regard, Burton has argued why the world needs to seriously consider adaptation to climate change. He adds that firstly, climate change is unavoidable and it is striking everywhere, regardless of the political and ecological boundaries. Secondly, anticipatory and precautionary adaptation is more effective and less costly than forced, last-minute, emergency adaptation or retrofitting. Thirdly, it is likely that climate change may be more rapid and pronounced than the current estimates. Fourthly, immediate benefits may be gained from better adaptation, for example, increased investments in climate-neutral technologies can boost local economies. Fifthly, immediate benefits can also be gained by removing maladaptive policies and practices. Finally, climate change has its threats but also has opportunities. Communities that are most proactive to adapt to climate change are also likely to be primary beneficiaries of their actions (Burton, 1996) .
Adaptation encompasses adjustments in ecological, social, or economic systems in response to actual or expected climate stimuli and their effects of impacts (Smith & Pilifosova, 2007) . It refers to changes in processes, practices, or structures to moderate or offset potential damages or to take advantage of opportunities associated with climate change. Adaptation and mitigation measures need to be realistic, depending on local conditions, but within the framework of national and regional strategies. Economic resources, technologi-www.crossingtheborder.com.np cal development, information and data base, communication and access-related infrastructure developments, institutional developments and issues of equity determine the level of adaptive capacity of a destination. Likewise, there are limits to adaptation. These include the physical and ecological limits, for example, adaptation measures will be limited if mountain tourism facilities/destinations are located at extreme environments and are severely exposed to frequent avalanches or landslides. Similarly, large scale engineering may not be possible where resources are limited.
In other cases, there could be natural limitations to adaptation. For example, adaptation to losses in wild ecosystems and biodiversity may be difficult or impossible. In the case of mountains, greatest adverse impacts will likely occur in areas with poor resource endowments, for instance,, if the tourism destination is dependent on a single attraction or activity, and if that is negatively affected by climate change then adaptation measures might be hard to implement. Concrete examples of adaptation strategies in tourism destinations in Asia are hard to find since the studies and research have been done at very minimum level.
In general, many mountain tourism destinations in Asia have shifted away from relying on fossil fuel-based energy sources to green technologies, for example, on the main tourist trails of the Annapurna and Everest regions the adoption of solar technologies is now widespread (Nepal, 2008) . While not directly related to tourism, in the Langtang National Park of Nepal, threat of GLOF from the dammed Tsho Rolpa glacier has been reduced to a lower level because of measures such as draining the lake and putting in place early warning systems in downstream villages (news.nationalgeographic.com). The total cost of these adaptation measures was $3.2 million, indicating that the cost of some adaptation measures will be very high. In the Nepal Himalaya, it might mean identifying and developing niche tourism products and destinations that will take advantage of climate adaptations. For example, it may require incorporating better environmental practices at the firm or enterprise and destination levels and developing carbon-neutral services and products at the destinations.
Overall, potential local adaptations in mountain tourism include sharing losses, modifying threats, preventing or decreasing effects, changing use, and changing location. This implies that adaptation measures need to be practical and should be grounded in reality.
Local Level Adaptation
Practical examples of local level adaptive responses would include locating new tourist facilities or relocating old facilities to low-risk areas for instance, steep locations and high snowfall areas are at the high risks to tourism. Thus, such locations are required to replace to more secure areas. Mountain tourism destinations must develop their capacity to respond to sudden catastrophic events and disasters by installing early warning systems and establish search and rescue stations with modern technology and equipments. Building of codes and engineering design standards must be enforced to reduce damages of natural www.crossingtheborder.com.np characteristics of Nepal.
Particularly, north-eastern Nepal will experience more avalanches and glacial lake outburst floods, while the hills will face more landslides, debris flows and flash floods and the lowland Terai will see more flood-related hazards. These climate-related hazards destroy tourism infrastructure, including roads, bridges, dams, hydroelectric projects, trails and resorts -all pivotal for sustaining tourism in Nepal. Further, fragility and inaccessibility increase the impacts and reduce the ability to recover from the impacts, and make the area more inaccessible. Tourism-industry leaders must plan their infrastructure carefully to avoid natural hazards.
Increasing GLOF activities, erratic monsoons and wildfires, caused by periodic droughts, will affect biodiversity adversely. Similarly, warming temperatures may lead to extinction of plant and animal species. This is particularly important in the Himalayan alpine ecosystem where plants and animals must migrate to higher elevations to adapt to rising temperatures. Since tourism seasonality in the Himalayas is determined by the monsoon season, changes in the pattern of monsoons directly impact the flow of tourists and their activities. The seasonality effect of monsoons can be reduced by expanding arid transmountain regions as tourism destinations. More importantly, these areas should be developed as selfsustaining, or minimally dependent on external resources, so that they will not be as impacted by monsoons in the southern region. While one can argue that most of the climate-related disasters take place during the monsoon season, when tourism activities are minimal, the impact of the aftermath of monsoon in early autumn and longer-term indirect impacts should not be underestimated. Unlike direct impacts, it takes longer to see how long-term indirect effects on biodiversity would impact nature-based tourism. This is one of the beginning papers that intents to examine the impacts of climate change on nature based tourism in Nepal. This study provides a regional perspective on assessing the impacts of climate change on tourism in protected areas of Nepal. Diversity makes the Himalayan region more complicated in terms of research and its policy implications. This study, therefore, suggests that there is a need for local data to assess the potential consequences at each nature-based tourism destination.
There is a lack of awareness among climate change scientists about the potential impact of climate change on the tourism industry. Tourism scholars have begun to address issues concerning tourism and climate change relationship. Climate and its impacts on the tourism industry have been discussed extensively in the context of the developed world. However, very little research has been conducted in the developing world particularly in the context of mountain destinations. Given the specific characteristics of the mountains, it appears that mountain tourism destinations are more vulnerable to climate change. Evidence of the effects of climate change on mountain destinations are slowly emerging, especially in the context of natural hazards such as disappearing or retreating glaciers, glacier induced flooding, landslides and avalanches. More subtle changes in the natural areas of high mountains are hard to document and take time, therefore the long term impacts of these on the tourism industry is uncertain. The nexus between climate, tourism and livelihood for the mountain communities can be complex, and therefore requires concerted research efforts in documenting the ways in which climate is going to impact tourism as well as the mountain communities and their livelihood prospects. The impact of climate change and adaptation measures will vary depending on local conditions but broad-based adaptation measures need to be developed and integrated as part of the climate policy at national level. Mountain tourism destinations in Nepal must develop their capacity to diversify their tourism opportunities, discourage development of tourism facilities in risk-prone zones, protective barriers need to be built where facilities have been already built, early warning systems, and search and rescue stations need to be established. Tour and trekking operators should develop itineraries as per the weather condition. These actions need to be considered as a collaborative effort between various players in the tourism industry with integrated approach. Further research on climate change should be conducted in order to minimize risks and increase opportunities in the field of tourism.
